Introduction

Clinical Reasoning Skills and Problem-Based Learning
Clinical reasoning processes are the problem-solving process used by doctors (Barrows & Feltovich, 1987) . Clinical reasoning is a central component of doctors' competence, so developing students' clinical reasoning skills is a central goal in medical education. Problem-based learning (PBL) as a teaching approach was introduced to foster clinical reasoning skills, particularly hypothetico-deductive reasoning skills based on clinical problems similar to real practice (Barrows & Feltovich, 1987; Patel, Arocha, & Zhang, 2005; Rochmawati & Wiechula, 2010) . Hypothetico-deductive reasoning is known to be used especially by novices with limited knowledge of patient disease (Groves, 2012; Harasym, Tsai, & Hemmati, 2008; Patel et al., 2005) . However, despite its wide acceptance, evidence is lacking on how effective PBL is in fostering clinical reasoning skills (Kong, Qin, Zhou, Mou, & Gao, 2014; Rochmawati & Wiechula, 2010; Taylor & Miflin, 2008; Yuan, Williama, & Fan, 2008) .
In PBL, clinical reasoning skills are often assessed with clinical problem-solving performance through such things as written tests or concept map approaches (Kassab et al., 2016; Kassab & Hussain, 2010; Kreiter & Bergus, 2009) , under the premise that clinical problem-solving performance reflects clinical reasoning skills (Harasym et al., 2008; Kreiter & Bergus, 2009; Wu, Wang, Grotzer, Liu, & Johnson, 2016) . However, these assessments mainly focused on knowledge structures or products that students produce as a result of the instructional interventions to enhance students' clinical reasoning skills. In these assessments, as long as the right answer is provided, reasoning is considered acceptable, and no further regard is paid to how the answer is obtained.
Argumentation and Concept Maps
Argumentation can be the means by which students rationally solve clinical problems in PBL, but students are not often capable of constructing cogent argumentation (Cerbin, 1988; Cho & Jonassen, 2002; Ju, 2016; Kuhn & Udell, 2007; Simon, Erduran, & Osborne, 2006; Yeh, 1998) . Ju (2016) analyzed how medical students engage in argumentation in PBL and found that they often omitted data or did not connect evidence via warrants.
Two different teaching approaches have been utilized in order to facilitate students' argumentation skills. Several researchers suggested that explicit instructions requiring particular patterns of argumentation such as Toulmin's model of argument enhanced students' argumentation skills (Saunders, 1994; Toulmin, Rieke, & Janik, 1984; Yeh, 1998) . Toulmin's model shows a structure of argument that includes five major components such as claims, grounds, warrants, backings, and rebuttals (Toulmin et al., 1984) . However, explicit instructions do not always improve students' argumentation skills (Knudson, 1991; Sanders, Wiseman, & Gass, 1994) .
Another approach to support argumentation is to scaffold argumentation through visualizing arguments (Jonassen & Kim, 2010; Kirschner, Buckingham Shum, & Carr, 2003) . Visualizing arguments has advantages in making students see the structure of an argument, thus facilitating its more coherent construction and subsequent communication among students (Jonassen, 2011) . Among different forms of visual representation of arguments, concept map approaches are useful. Concept maps are tools for organizing and representing knowledge (Novak & Cañas, 2006) . Their implementation involves new concepts enclosed in circles or boxes, creating hierarchical arrangements between concepts and subconcepts, and identifying relationships between concepts and subconcepts by a connecting line with a linking word on it (Figure 1 , Novak & Cañas, 2006) .
In fact, concept maps have been utilized as teaching and learning strategies to help students to represent and organize their knowledge in PBL (Charlin et al., 2012; Kassab et al., 2016; Kassab & Hussain, 2010; Rendas, Fonseca, & Pinto, 2006) . However, concept mapping alone is found to be insufficient in supporting complex problem-solving processes, especially for eliciting students' reasoning process (Stoyanov & Kommers, 2008; Wu et al., 2016) . The graphical convention in the instruction for drawing a concept map is not a sufficient condition for making concept mapping an effective tool in support of complex cognitive processes. Stoyanov and Kommers (2008) empirically demonstrated that the concept mapping group with explicit problem-solving support outperformed the concept mapping group without such support on problem-solving performance. It was a set of concrete instructions that led to significant differences in the problem-solving performance (Stoyanov & Kommers, 2008) . Thus, the instruction on graphical conventions for drawing a concept map should be coupled with an instruction that includes a set of concrete instructions regarding complex March 2019 | Volume 13 | Issue 1 cognitive processes (Stoyanov & Kommers, 2008; Wu et al., 2016) . Therefore, to facilitate students' argumentation, combining the concept map method with explicit instructions on the requirements of particular patterns of arguments is thought to be effective.
The ability to argue effectively for a different perspective is equivalent to solving clinical problems (Oh & Jonassen, 2007) . However, very few studies examine the effects of argumentation on clinical problem solving, and there is not even research about the effects of argumentation with the concept map method on clinical problem solving in medical PBL.
Thus, for the purpose of developing medical students' clinical reasoning skills in PBL, this study aims to explore the effects of argumentation using the concept map method during PBL on individual clinical reasoning skills of medical students. Toulmin's model of argument will be utilized as a structure of argument because it is useful to teach students how to construct arguments as well as evaluate arguments. Individual clinical reasoning skills will be assessed with problem-solving performance and arguments students construct during individual problem solving after PBL. This study will also explore whether there are any differences between the first-and second-year medical students. The second-year medical students took typical PBL courses while they were in their first year without any scaffolding to support the clinical reasoning process, and the recall tests were administered after the PBL. Thus, comparing the two groups may provide important insights regarding the effect of argumentation using the concept map method on clinical reasoning skill development. The general research question and the specific research questions for this study are as follows:
How does the argumentation using the concept map method during PBL affect medical students' clinical reasoning skills?
1. How does the argumentation using the concept map method during PBL affect the production of medical students' arguments in individual clinical problem solving? 2. How does the argumentation using the concept map method during PBL affect medical students' problem-solving performance in individual clinical problem solving? 3. Are there any differences between the first-year and second-year students in terms of the production of arguments and clinical problem-solving performance? 
Method
Participants
The subjects of this study were medical students enrolled in PBL courses at a medium-sized university in Korea during the fall semester of 2015. Two groups of medical students (first-year and second-year students) participated in this study. Among 49 first-year students, 5 students did not complete all three individual problem-solving tests, so they were excluded. In contrast, 51 second-year students finished three individual problem-solving tests. Thus, ultimately, data from 95 students were analyzed. Among the first-year participants, 29 students were male and 15 were female. Among the second-year students, 27 were male and 24 were female. The first-year students ranged from 21 to 33 years of age (M = 24, SD = 2.43), and the second-year students ranged from 23 to 37 years of age (M = 27, SD = 2.69). The students were randomly assigned to discussion groups of seven or eight in PBL classes. The first-year students had not previously worked in PBL classes, but the second-year students had worked in PBL classes on five previous occasions between the fall semester of 2014 and the spring semester of 2015. The PBL classes that the second-year students had previously experienced were the same as the PBL classes in this study except for the treatment of argumentation with the concept map method. That is, in this study, students constructed concept maps according to Toulmin's structure of arguments instead of just engaging in verbal discussion, presented their concept maps as a group to the class instead of just listening to a lecture about the case from a professor in the third meeting of PBL, and were assessed with their concept map presentations as a group for their PBL credit instead of taking a recall test.
PBL
One PBL module consisted of three meetings over three weeks (one meeting each week) in this study. In the first two meetings, seven to eight students worked together in one team under the guidance of a tutor for about 120 minutes at a time. Tutors played facilitator roles and encouraged students to get involved in discussions and build cogent arguments. Typical PBL sessions started with students being exposed to a patient's main symptoms. Through discussion in a small group, they first made use of their existing knowledge to generate multiple hypotheses, and then gathered relevant data from a tutor only when they had asked for specific data and identified issues for self-directed learning at the end of the first meeting. In the second meeting, they shared information they had gathered during the self-directed learning, reviewed their prior discussion based on new information, and made a decision about which hypothesis would be accepted as a final diagnosis. In doing so, the students were asked to construct concept maps about their argumentation based on Toulmin's model of argument. In the third meeting, all students gathered in one classroom with a professor who developed the PBL module discussed, and each group presented its concept map developed during the last two sessions. The professor gave feedback on their presentations and delivered a final mini-lecture. The concept map presentations were evaluated by a rubric assessing their reasoning processes and presentation styles and took 20% of their PBL credit.
Argumentation with the Concept Map Method
Students were asked to construct a concept map according to the structure of Toulmin's model of argument (Toulmin, 2003; Toulmin et al., 1984) in relation to a case the students had discussed during the PBL sessions. Toulmin's model of argument has been widely used to support the development of student argumentation (Erduran, Simon, & Osborne, 2004) .
Figure 2. The structure of Toulmin's arguments (Toulmin, 1958) .
The structure of argumentation by Toulmin includes claims, grounds, warrants, backings, and rebuttals (Toulmin, 1958; Toulmin et al., 1984) and helps students engage in specific forms of argumentation ( Figure 2 ). That is, arguers justify their claims using supporting grounds through warrants that provide a link between grounds and the claim. Backings strengthen the warrants, and rebuttals point to the constraints that contradict claims (Jonassen & Kim, 2010; Toulmin et al., 1984) .
Using the definition of "concept" by Novak and Cañas (2006) "as a perceived regularity in events or objects, or records of events or objects" (p. 1), we can regard each category of the argument as a concept. The students were asked to draw each category of argument in boxes and represent it in a hierarchical fashion. In addition, they were asked to connect concepts with lines and write a linking word on the line to specify the relationship between two concepts. Figure 3 is an example of a concept map that the first-year students constructed as a group during the first PBL session. The patient in this case was a two-year-old girl who came to an emergency room because of a barking cough, hoarseness, and difficulty breathing. The concept map showed students' reasoning processes through argumentation according to Toulmin's model of argument from generating multiple hypotheses or claims (pneumonia, infectious disease, croup, cardiac disorder, allergic diseases, and respiratory closure) based on the first data available when they met a patient to offering the final diagnosis, upper respiratory closure. Figure 4 is also an example of a concept map that the second-year students constructed during the second PBL session. It shows how they went from multiple hypotheses including hydrocephalus and the like to the final diagnosis, hypertrophic pyloric stenosis. 
Instruments
Individual Problem-Solving Tests
An individual problem-solving test was administered three times: before PBL, aft er the fi rst PBL session, and aft er the second PBL session. Th ese paper-and-pencil tests took 30 minutes each, and the students wrote individual essays regarding the case presented. Students solved a new clinical problem that was similar to the cases that they had solved during the PBL sessions. Th ey were the cases used in the previous PBL classes. Students were asked to explain for individual problem-solving cases, using evidence found in a case description, what the possible diagnoses were, why they chose a certain diagnosis, what the alternative diagnoses were, why they were excluded, and what their diagnostic plan was to confi rm their diagnosis. Figure 5 is an example of a case description of an individual problem-solving test for the second-year students.
Assessment of the Quality of Arguments
Th e individual problem-solving tests used as a measure of the quality of individual arguments were scored by two assessors without knowing the identity of the student, using the scoring rubric developed by Cho and Jonassen (2002) based on Toulmin's model of argument (Toulmin et al., 1984) . Table 1 shows the rubric for assessing the quality of claims of student arguments (see Cho & Jonassen, 2002 , for rubrics for other categories such as grounds, warrants, backings, and rebuttals). Individual scores were achieved by summing up numbers of points (0-30) earned in each argument category (claims, grounds, warrants, backings, and rebuttals). Pearson's r was calculated to assess interrater reliability of the scores. Th e interrater agreements for the quality of arguments were .81 (the fi rst test), .86 (the second test), and .93 (the third test) for the fi rst-year student tests, and .91 (the fi rst test), .95 (the second test), and .82 (the third test) for the second-year student tests. Th e fi nal scores were determined based on consensus between the two assessors.
A 26-year-old man reported that his skin grew more and more yellow as his eyes had turned yellow over three days. Previously, he had been tired and felt nauseated for two weeks, and he did not take any medication for that. He had never had hepatitis before and was vaccinated against hepatitis B. He was currently taking no medicines or health foods. He had not traveled recently. Th ere was a slight feeling of warmth from one week ago, and there was persistent discomfort in the upper part of the stomach and right upper stomach. He felt nausea but didn't vomit. He had lost about 5 kg of weight in 1-2 years. He worked for a credit card company. His current job situation had not been good, so he was stressed. He thought weight loss was due to stress as well as exercise and diet and that there was no particular problem. One year ago, he had had a medical check-up and heard that there was no abnormality. Th ere was currently no particular medicine for him to take regularly. He drank 1/2 a bottle of soju about 1-2 times a week, did not smoke at all, and ate well. But for about a year, he had eaten less during dinner to lose weight. He walked 2-3 times a week for 30 minutes. Th e writer states generalizations that are related to the proposition, but the assertions are not complete. Enough information is available to determine the writer's intent, but much is left to the reader to determine. 2 Th e writer makes generalizations that are related to the proposition, but the assertions lack specifi city or off er unclear reference. Th e writer leaves much for the reader to infer in order to determine the impact of the claim. 
Assessment of Clinical Problem-Solving Performance
Each individual problem-solving test was also analyzed for problem-solving performance by using a rubric. The quality of the problem-solving performance can be assessed using a rubric that describes desirable performance (Jonassen, 2011) . The rubric for problem-solving performance assessed accuracy, relevance, completeness, and specificity in this study. In each individual problem-solving test, the assessors looked for students' claims (possible disease), supporting data (patients' symptoms), explanations about how the supporting data were relevant to the claims, other specific backings, and systematic identification of constraints of alternative diagnoses that had been ruled out. The assessors were all professors. They evaluated one-third of the students of each group in each test and a different student each time without knowing their identities. The scores were 6, 4, 2, and 0.
Procedures
The students registered in PBL took a PBL orientation session and received an explanation on argument categories and how to construct concept maps as a part of a PBL orientation session one week before the PBL sessions started in this study. A sample concept map was also provided for their better understanding of concept map construction. Tutors also took a PBL tutor orientation session. They received an explanation on how to construct concept maps and argument categories as part of the orientation program as well. These orientation sessions were mandatory for both students and tutors. After the orientation session, the students worked in two PBL sessions. The first PBL session took place in the beginning of the fall semester, and the second session took place five weeks later for both the first-and second-year students. One day before the first PBL session started, both the first-and second-year students took an individual problem-solving test. On the last day of the first PBL session and the second PBL session, they took an individual problem-solving test again after the PBL class. Thus, in total, they took three individual problem-solving tests. The cases given for the three tests were all different, and the three tests (pretest, posttest 1, and posttest 2) were administered by the researcher.
Analysis
One-way, within-subjects ANOVAs were conducted to explore students' quality of arguments and clinical problemsolving performance. To detect significant differences among the three tests (pretest, posttest 1, and posttest 2), adjusted Bonferroni post hoc comparisons were also conducted. The quality of each argument category (claim, ground, warrant, backing, and rebuttal) was analyzed with one-way, withinsubjects ANOVAs and adjusted Bonferroni post hoc comparisons as well. For the comparison of the second-and firstyear students, independent-sample t-tests were conducted. SPSS 23 was utilized for statistical analyses.
Results
The Quality of Individual Arguments
To examine whether the participants showed differences in the quality of arguments, the individual problemsolving tests of 95 medical students were analyzed (see Table 2 ). Among second-year students, one-way, within-subjects ANOVAs revealed a statistically significant difference among the three test scores with a large effect size, F (2, 100) = 40.98, p < .001 η P 2 = .45. According to adjusted Bonferroni post hoc comparisons, the mean scores of posttest 1 and posttest 2 were significantly higher than the pretest. There was no significant difference between posttest 1 and posttest 2. In the case of the first-year students, Mauchly's test for sphericity was found to be significant, χ 2 (2) = 16.51, p < .001, so degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .78). The results of oneway, within-subjects ANOVAs for the first-year students also showed a statistically significant difference with a large effect size, F(1.56, 66.76) = 13.18, p < .001 η P 2 = .24. Adjusted Bonferroni post hoc comparisons revealed that the mean scores of posttest 1 and posttest 2 were significantly higher than the pretest. The mean score of posttest 2 was also significantly higher than posttest 1.
The Quality of Each Category of Individual Arguments
Each category of arguments was also analyzed using oneway, within-subjects ANOVAs (Tables 3 and 4 ). In the case of the second-year students, in an examination of the claim scores, Mauchly's test for sphericity was found to be significant, χ 2 (2) = 7.32, p < .05, so the degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .91). The results showed a statistically significant difference among the three claim scores with a large effect size, F(1.82, 90.76) = 34.02, p < .001 η P 2 = .41. According to adjusted Bonferroni post hoc comparisons, the mean scores in posttest 1 and posttest 2 were significantly higher than in the pretest.
In an examination of the ground score, Mauchly's test for sphericity was also found to be significant, χ 2 (2) = 10.73, p < .01, so the degrees of freedom were corrected using HuynhFeldt estimates of sphericity (ε = .86). The statistical results showed a significant difference among the three ground scores with a large effect size, F (1.72, 86.12) = 56.82, p < .001 η P 2 = .53. According to adjusted Bonferroni post hoc comparisons, the mean scores in posttest 1 and posttest 2 were significantly higher than in the pretest.
In an examination of the warrant score, the results revealed a statistically significant difference with a large effect size, F(2, 100) = 26.51, p < .001 η P 2 = 35. According to adjusted Bonferroni post hoc comparisons, the mean scores in posttest 1 and posttest 2 were significantly higher than in the pretest. In an examination of the backing score, the results revealed a statistically significant difference with a large effect size, F(2, 100) = 8.70, p < .001 η P 2 = 15. According to adjusted Bonferroni post hoc comparisons, the mean scores in posttest 1 and posttest 2 were significantly higher than in the pretest. In an examination of the rebuttal scores, the results revealed a statistically significant difference with a large effect size, F(2, 100) = 14.41, p < .001 η P 2 = 22. According to adjusted Bonferroni post hoc comparisons, only the mean score in posttest 2 was significantly higher than in the pretest. However, the mean score in posttest 2 was also significantly higher than in posttest 1.
In the case of the first-year students, in an examination of the claim score, Mauchly's test for sphericity was found to be significant, χ 2 (2) = 13.77, p < .01, so the degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .81). The results of one-way, within-subjects ANOVAs revealed a significant difference with a large effect size, F (1.61, 69.30) = 9.39, p < .001 η P 2 = .18. According to adjusted Bonferroni post hoc comparisons, the mean score in posttest 2 was significantly higher than in the pretest. In an examination of the ground scores, Mauchly's test for sphericity was also found to be significant, χ 2 (2) = 8.96, p < .05, so the degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .87). The results showed a statistically significant difference with a large effect size, F (1.74, 74.74) = 7.23, p < .001 η P 2 = .14. According to adjusted Bonferroni post hoc comparisons, the mean score in posttest 2 was significantly higher than in the pretest and posttest 1. In an examination of the warrants score, Mauchly's test for sphericity was found to be significant, χ 2 (2) = 15.26, p < .001, so the degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .79). The results showed a statistically significant difference with a large effect size, F(1.58, 67.87) = 7.72, p < .001 η P 2 = .15. According to adjusted Bonferroni post hoc comparisons, the mean score in posttest 2 was significantly higher than in the pretest and posttest 1. In an examination of the backing scores, the results revealed a statistically significant difference with a medium effect size, F(2, 86) = 4.27, p < .05 η P 2 = .09. According to adjusted Bonferroni post hoc comparisons, the mean score in posttest 2 was significantly higher than in the pretest. In an examination of the rebuttal scores, the results revealed a statistically significant difference with a large effect size, F(2, 86) = 19.30, p < .001 η P 2 = .31. According to adjusted Bonferroni post hoc comparisons, the mean score in posttest 2 was significantly higher than in the pretest and posttest 1. 
Problem-Solving Performance
The descriptive statistics and the F-test values of one-way, within-subjects ANOVAs of problem-solving performance are summarized in Table 5 . One-way, within-subjects ANOVAs revealed a statistically significant difference among three test scores of the second-year students with a large effect size, F(2, 100) = 14.44, p < .001 η P 2 = .22. According to adjusted Bonferroni post hoc comparisons, the mean score in posttest 1 was significantly higher than in the pretest. There was also significant difference in the performance scores between posttest 1 and posttest 2. In an examination of the scores of the first-year students, Mauchly's test for sphericity was found to be significant, χ 2 (2) = 9.37, p < .01, so the degree of freedom was corrected using Huynh-Feldt estimates of sphericity (ε = .86). The results also revealed a statistically significant difference with a large effect size, F (1.73, 74.21) = 8.04, p < .001 η P 2 = .15. Adjusted Bonferroni post hoc comparisons revealed that the mean score in posttest 2 was significantly higher than in the pretest and posttest 1. the pretest, there was no significant difference, but the second-year students showed significantly higher mean scores than the first-year students in posttest 1 (t (50) = -22.51, p < .001, d = -0.97) and posttest 2 (t(71) = -2.15 p < .05, d = 0.45). In the ground scores, the second-year students showed significantly higher mean scores than the first-year students in the pretest (t (85) = -2.40, p < .05, d = 0.49), posttest 1 (t(69) = -4.94, p < .001, d = -1.04), and posttest 2 (t(64) = -5.58, p < .001, d = 1.17). In the remaining three tests, as the assumption of equal variance was not met, Welch's t-test was used. In terms of the warrant scores, in the pretest, there was no significant difference, but the second-year students showed significantly higher mean scores than the first-year students in posttest 1 (t (93) = -5.76, p < .001, d = 1.18) and posttest 2 (t(93) = -3.17, p < .001, d = 0.66). In terms of the backing and rebuttal scores, there were no significant differences between the two groups. Regarding the problem-solving performance, the two groups showed a significant difference only in posttest 1 (t (93) = -5.73, p < .001, d = 1.18). 
Comparisons Between First-Year and Second-Year Students
For the comparisons of two groups in terms of the quality of arguments, independent-sample t-tests were conducted. According to the results, there was no significant difference in the pretest, but the second-year students showed significantly higher mean scores than the first-year students in posttest 1 (t (93) = -6.11, p < .001, d = 1.26) and posttest 2 (t(93) = -2.41, p < .05, d = 0.49).
In each category of arguments, first, regarding the claim scores, the assumption of equal variance was not met, so Welch's t-test was used both in posttest 1 and posttest 2. In
Discussion
This study examined the effects of the argumentation with the concept map method during PBL on individual clinical reasoning skills. Specifically, it explored how the argumentation with the concept map method affects the production of medical students' arguments and problem-solving performance in individual clinical reasoning processes. It was expected that the educational intervention would have transfer effects, resulting in enhancement of their reasoning skills measured by the quality of arguments and problem-solving performance.
As expected, use of argumentation with the concept map method positively affected first-year and second-year students' ability to individually construct arguments. In particular, the first-year students showed more improvement even after the second PBL session, while the second-year students did not show further significant improvement after the first PBL. These findings are consistent with the results of Cho and Jonassen (2002) , who reported that the argumentation scaffold during PBL had a transfer effect on the quality of arguments in individual problem solving. Although they used the constraint-based scaffold for computer-supported collaborative argumentation, the constraints they used are very similar to the argument categories of Toulmin's model. Thus, it is thought that both studies show very similar results.
The findings of this study are also in line with those of Wu et al. (2016) . They examined the effects of computer-based cognitive mapping approaches that help students to externalize their reasoning processes and the knowledge underlying their reasoning processes when they work with clinical cases. They asked the students to report their learning processes involving five elements, including data capture, hypotheses formulation, reasoning with justification, concept identification, and concept relationships, by using the cognitive mapping tool. They insisted that the first three elements are related to the reasoning process, and the latter two reflect knowledge construction. Their results showed that the cognitive mapping group outperformed the control group in the reasoning process. Although the instructional interventions for their study are different from those of this study, there are some similarities in terms of using visual figures (cognitive mapping vs. concept map) to support students' reasoning processes and giving an attention to the key aspects of reasoning (data capture, hypotheses formulation, reasoning with justification vs. data, claim, ground) in order to elicit their reasoning processes. Thus, it is fair to say that both studies show similar results.
As for the quality of each category, for the second-year students, the quality of all categories except the rebuttals significantly increased in posttest 1 and posttest 2. The firstyear students showed a similar trend, but they needed more time than the second-year students. The quality of each category improved significantly after the second PBL session. These results provided evidence that the argumentation with the concept map method also positively affects the quality of each category in the individual clinical reasoning process among both the first-and second-year students.
There was no significant difference in the pretest between first-and second-year students, but the quality of arguments constructed by second-year students was significantly higher in posttest 1 and posttest 2 than that of their counterparts. In addition, regarding each category of arguments, for claims, grounds, and warrants, the second-year students showed significantly higher-quality scores than the first-year students in posttest 1 and posttest 2. These results indicate that the argumentation with concept map method had more impact on the second-year students than on the first-year students. Obviously, clinical reasoning involves understanding the pathology of disease process (Diemers, Wiel, Scherpbier, Baarveld, & Dolmans, 2015; Patel et al., 2005) , and the superior medical knowledge of the second-year students seemed to facilitate the development of their clinical reasoning skills.
The second-year students had experienced PBL five times before this study. However, there were no significant differences in the pretest including the argument scores, any other categories except the ground score, and problem-solving performance. Although they showed significantly more improvement in all the scores after the first PBL session than their counterparts, this finding indicates the need for scaffolding to support students' clinical problem-solving process in PBL.
The rebuttal scores of the second-year students did not significantly improve after the first PBL session, but significantly improved after the second PBL session. In addition, although the backing scores of the second-year students improved significantly after the first PBL session, the scores are still very low compared with other scores. In the case of the first-year students, the backing and rebuttal scores are generally the lowest scores. In addition, there were no significant differences in any tests between first-and second-year students. Thus, it is thought that backings and rebuttals are the most difficult ones to construct for both groups of students. These results are consistent with Cho and Jonassen (2002) , where students almost did not provide backings and rebuttals. However, these results could also be explained by the fact that no data about physical examination of the patient were provided in clinical cases for individual clinical problem solving. Thus, students might have focused on claims, grounds, and warrants rather than on backings and rebuttals as there were not enough data to construct them. Further studies are needed to explore the reasons for the lack of backing and rebuttal categories in individual clinical reasoning.
Regarding the problem-solving performance, first-year students' problem-solving performance significantly improved after the second PBL session. Second-year students showed higher performance in posttest 1 than in the pretest and also showed higher performance in posttest 1 than the first-year students. These results are generally not consistent with Cho and Jonassen's (2002) results, which showed no significant difference between the argumentation scaffold group and the control group in terms of problem-solving performance. Successful solution of a particular clinical problem does not guarantee the successful solution of another clini-cal problem (Eva, 2005; Kreiter & Bergus, 2009) . However, in this study, comparing the pretest results with those of other tests, the performance scores significantly increased. Further research is necessary to confirm this, but these findings show a trend whereby the argumentation with the concept map method has a positive impact on problem-solving performance as well. In posttest 2, the second-year students' performance significantly decreased. This finding may result from the difficulty of the patient case provided to the secondyear students in that test. The cases utilized in this study were the cases used in the previous PBL classes, but it seems that the case given to the second-year students was particularly difficult for them.
Conclusion
This study provided evidence that argumentation with the concept map method during PBL positively affects the development of individual students' clinical reasoning skills. Specifically, utilizing argumentation with the concept map method positively affected both first-year and second-year students' ability to individually construct arguments. Furthermore, the results indicated that the argumentation with the concept map method had more of an impact on the second-year students than on the first-year students. They also show a trend whereby the argumentation with the concept map method has a positive impact on clinical problem-solving performance.
These findings are particularly relevant for medical students, but have implications for all health care professionals, including nursing students, who are required to develop clinical reasoning skills. PBL is now used as a teaching approach by a number of different faculties, so it may also be relevant to other faculties that use scientific reasoning to solve problems.
Developing students' clinical reasoning skills appears to be a critical goal in most medical curricula, but developing appropriate instructional approaches to facilitate clinical reasoning skills proves to be a difficult challenge (Wu et al., 2016) . Furthermore, a typical written assessment of clinical reasoning assesses only the outcome of clinical reasoning, and the clinical reasoning process itself is not even assessed. However, this study shows that the argumentation using the concept method can be utilized during PBL to develop students' clinical reasoning skills and that arguments and performance of clinical problem solving in PBL could assess both the outcome and process of clinical reasoning.
The results of this study also showed the potential to provide information about medical students' clinical reasoning skills as early as the preclinical period. Kassab et al. (2016) , Kassab and Hussain (2010) , and Humbert et al. (2011) utilized concept mapping and script concordance assessments to evaluate clinical reasoning skills and successfully differentiated second-year medical students from fourth-year students. Although their assessment methods are different from those in this study, they showed that clinical reasoning could be assessed at the early stages of medical education. Likewise, the assessment methods used in this study could provide informative evaluations of clinical reasoning skills of students in PBL. This information can be utilized as remedial information for some students. Remediation activities, particularly for rebuttals and backings, can then be designed to target these specific areas of difficulty.
This study was limited in several respects. It measured the quality of arguments and problem-solving performance rather than students' actual clinical reasoning performance such as case simulations. To back up the findings of this study, research is necessary to measure actual clinical reasoning performance using the same instructional intervention. In addition, a longitudinal study might shed further light on the effect of the instructional intervention used in this study. This study was based on a medium-sized and specific population sample, which limits the generalizability of the findings. Further studies with a larger sample size are necessary. Three professors assessed the quality of problemsolving performance, but they evaluated one-third of the students each time. Although they assessed different students in each test to minimize raters' errors, the assessment of the quality of problem-solving performance was conducted by one assessor. In addition, the three clinical cases presented to each group of students were the cases used in the previous PBL classes in the university where the study occurred, but their level of difficulty did not seem totally even. These factors should be taken into account in interpreting the findings.
